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(54) Asymmetric printhead orifice 

(57) A printhead for an Inkjet printer employs asym- 
metric orifices, such as an egg-shaped orifice, at the sur- 
face of the orifice plate to cause the ink drop tail to be 



severed at a predictable location from the orifice. The 
controlled tail and diminished spray of an ink droplet ex- 
pelled from the asymmetric orifice results In improved 
edge roughness and improved quality of print. 
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DMcription 

BACKGROUND OF THE INVENTION 



US ^wT ^ continuation-in-part of 

of '^PP"^*'°" No 08/547,885 tiled on October 

The present invention generally relates to the de- 
sign of orrfices used in an Inkjet printer printhead and 
more particularly relates to orifices having at least one 
axis Of asymmetry disposed in the orifice plate of an 
Inkjet printer printhead. 

An Inkjet printer operates by positioning a medium 
such as paper, in conjunction with aprinting mechanism" 
conventionally known as a print cartridge, so that drop- 
lets of ink may be deposited in desired locations on the 
medium to produce text characters or images. The print 
cartndge may be scanned or reciprocated across the 
surface of the medium while medium is advanced incre- 
ment by increment perpendicularto the direction of print 
cartridge travel. At any given point in the print cartridge 

ravelandmedium advancement operation,acommand 
IS given o an ink ejection mechanism to expel a tiny 
droplet of ink from the print cartridge to the medium If 
the mechanism of ink expulsion is a thermally induced 
boiling of ink, the ink expulsion mechanism consists of 
a large number of electrtealV energized heater resistors 

Which arepreterentially heated inasmall firing Chamber 
thereby resulting in the rapid boiling and expulston of ink 
through a small opening, or orifice, toward the medium 

Aconventbnalprintcartridgeforaninkjettype print- 
er comprises an ink containment device and an ink-ex- 

whrh^h^T'^l"'' ^"""^ « P^*"lhead. 

fashion. TypicalV. the printhead is a laminate structure 
including a semiconductor or insulator base, a barrier 
material structure which is honeycombed with ink flow 
channels, and an orifice plate which is perforated with 
circular nozzles or orifices with diameters smaller than 

rtr^rf K ^"'^ ^''^"^^^ ^ "^"^"^ "^^^^ a'tows ink 
droplete to be expelled. Thin film heater resistors are 
deposited on or near the surface of the base and are 
usua^^y protected from corrosfon and mechanical abra- 
sion by one or more protective layers. The thin film heat- 
er resistors are electrically coupled to the printer either 
directly via metallzation on the base and subsequent 
connectors or via multiplexing circuitry, metalization 
and subsequent connectors. Mfcroprocessor circuitry in 
the printer selectively energizes particular thin film heat- 
er resistors to produce the desired pattern of ink droplets 
ZZr7l°rT ' '^^'^'^'<«^ pictorial i^ge. 

riT^Kr^''''°""** "^"'•^"-P^'^ard Jour- 
nal. Vol. 36, No. 5, May 1985, and in the Hewlett-Pack- 
ard Journal, Vol 45, No.1, l^ebruary 1994 

Ink flows into the firing chambers fomied around 
each heater resistor by the barrier layer and the orifice 
plate and awaits energizatkjn of the heater resistor. 



When a putee of electric current is applied to the heater 
resBtor, ink within the firing chamber is rapidly vapor- 

inklf "lil^ ^ '"^ ""^'"^ '^P^y « -"ass Of 
in k through the orifice associated with the heater resistor 

"""9 Following ejection 

Of «,e ink droplet and collapse of the ink bubbte, ink re 
fills the firing chamber and fomis a meniscus across the 
2'.? \ t ^"'^ ^""strictions in Channels through 
Which ink flows to refill the tiring chamber establish the 
speed at which ink refills the firing chamber and the dv 
namics of the ink meniscus 

One of the problems faced by designers of print car- 
tndges IS that of maintaining a high quality of result in 
P^ntwhiieachievingahighrateofprintingspeed When 

Z '"^J"'"" """9 "^osl of the mass 

irin? 'i? =°"'=entraf ed in the droplet which is 
direc ed toward the medium. However, a portfon of the 

20 taTi ''1"'' '^"^^^ ^ ^^^"'^^"g from the droplet 
to the surface opening of the orifice. The velocity of the 
jnk ourjd in the tail « generally less than the vel'oc y of 
the nk found in the droplet so that at some time during 

Jrl^SlT'' °' Tl *^ ^^^'^ fro^ the 

expelled droplet or remains as a tall and creates rough 

<n the tail returns to the printhead. fomiing puddles on 
the surface of the orifice plate of the printhLd. So^e^ 
30 °" ! ^^"^'^ '^'"^ subdroplets ("spray") 

Toolet'T ' general area ci the Ink 

2Z ""^^ °" "tedium to pro- 

tel resutts of spray, others have reduced the speed of 
the pnming operation but have suffered a reduction m 

lo Tf : °' "'^'^ " ^ P"nt in a gTen 
arnount Of time The spray problem has also been a7 

the finnn K '^k'""'"^ architecture or geometry of 
thefmngchamberand the associated inkfeedconduits 

^ gated by variables of the manufacturing process The 
pnssent invention overcomes the problem of spray and 
uncontrol ed tail wrthout introducing a reductioJ in print 
speed or fine mk channel architecture optimizations 



« SUMMARY OF THE INVENTION 

™i,J« ""w ^ -"ethods for 

mak^g and usmg the printhead includes an ink ejector 

so rklex'SLTi:'!r'"^"''''^'°"«°*«'^°^v^ 

mk IS expelled, extending through the orifice from a first 
secon'd "'^^^ ""^ «j^o'tot 

. f °' ""'"^^ P'^'«- "^^ at least one or- 
ifice has at least one axis of symmetry. 

» BRIEF DESCRIPTION OF THE DRAWINGS 

orinthL^ ^ ^ "'^^ a conventional 

printhead showing one Ink firing chamber. 
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FIG. 2 is a plan view from the outer surface of the 
orifice plate of a conventional printhead. 

FIG. 3 is a cross sectional view of a conventional 
printhead illustrating the expulsion of an ink droplet. 

FIG. 4 is a theoretical model of the droplet/meniscus 
system which may be useful In understanding a feature 
of the present invention. 

FIG. 5 is a cross sectional view of a printhead which 
may employ the present invention and illustrating the ex- 
pulsion of an ink droplet. 

FIG. 6A is a reproduction of the detrimental effects 
of spray and elongated tail upon a printed medium. 

FIG. 6B is a reproduction of a printed medium illus- 
trating reduction of spray. 

FIG. 7A -7E are plan views from the outer surface 
of the orifice plate showing orifice surface apertures. 

FIG. 8 is a plan view from the outer surface of the 
orifice plate showing an elongate orifice surface aper- 
ture relative to the firing chamber and Ink replenishment 
flow direction. 

FIG. 9 is a plan view from the outer surface of the 
orifice plate showing an alternative elongate orifice sur- 
face aperture relative to the firing chamber and ink re- 
plenishment flow direction. 

FIG. 10 is a plan view from the outer surface of the 
orifice plate showing an eggshaped orifice surface ap- 
erture having an axis of asymmetry. 

FIG. 11 is a plan view from the outer surface of the 
orifice plate showing a moon -shaped orifice surface ap- 
erture having an axis of asymmetry. 

FIG. 1 2 is a perspective view of the region between 
the outer surface of an orifice plate and a sheet of media 
in an Inkjet printer. 

FIG. 1 3 is a representation of two dots printed on a 
sheet of media comparing the results of droplet tails cor- 
related and anticorreiated with the direction of printhead 
movement. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

A cross section of a conventional printhead is 
shown in FIG. 1 . A thin film resistor 101 is created at the 
surface of a semiconductor substrate 103 and typically 
is connected to electrical inputs by way of metalization 
(not shown) on the surface of the semiconductor sub- 
strate 103. Additionally, various layers of protection from 
chemical and mechanical attack may be placed over the 
heater resistor 101 , but is not shown in FIG. 1 for clarity. 
A layer of barrier material 105 is selectively placed on 
the surface of the silicon substrate 103 thereby leaving 
an opening or firing chamber 107 around the heater re- 
sistor 1 01 so that ink may accumulate prior to activation 
of heater resistor 101 and expulsion of ink through an 
opening or orifice 109. The barrier material for barrier 
layer 105 Is conventionally Parad® available from E.I. 
Dupont De Nemours and Company or equivalent mate- 
rial. The orifice 109 is a hole in an orifice plate 111 which 



is typically formed by gold plating a nickel base material. 
Such a plating operation results in a smooth cun/ed ta- 
per from the outer surface 113 of the orifice plate 111 to 
the inner surface 1 1 5 of the orifice plate 111, which faces 
s the firing chamber 107 and the firing resistor 101 . The 
orifice outlet at the outer surface of orifice plate 1 1 1 has 
a smaller radius (and therefore a smaller area of open- 
ing) than the orifice plate opening to the firing chamber 
1 07. Other methods of producing orifices, such as laser 
ablation may be used, particularly with orifice plates of 
materials other than metal, but such other orifice pro- 
duction methods can generate orifice bores with straight 
sides, shown in phantom. 

FIG. 2 is a top plan view of the printhead (indicating 
the section A-A of FIG. 1), viewing orifice 109 from the 
outer surface 113 of the orifice plate 111. An Ink feed 
channel 201 is present in the barrier layer 105 to deliver 
ink to the firing chamber from a larger ink source (not 
shown). 

FIG. 3 illustrates the configuration of ink in an ink 
droplet 301 at a time of 22 microseconds after the ink 
has been expelled from the orifice 109. In conventional 
orifice plates, in which circular orifices are used, the ink 
droplet 301 maintains a long tail 303 which extends back 
to at least the orifice 109 in the orifice plate 111. After 
the droplet 301 leaves the orifice plate and the bubble 
of vaporized ink which expelled the droplet collapses, 
capillary forces draw ink from the ink source through the 
ink feed channel 201. In an underdamped system, ink 
rushes back into the firing chamber so rapidly that it 
overfills the firing chamber 107. thereby creating a bulg- 
ing meniscus. The meniscus then oscillates about its 
equilibrium position for several cycles before settling 
down. Extra ink in the bulging meniscus adds to the vol- 
ume of an ink droplet should a droplet be expelled while 
the meniscus is bulging. A retracted meniscus reduces 
the volume of the droplet should the droplet be expelled 
during this part of the cycle. Printhead designers have 
improved and optimized the damping of the ink refill and 
meniscus system by increasing the fluid resistance of 
the ink refill channel. Typically this improvement has 
been accomplished by lengthening the ink refill channel, 
decreasing the ink refill channel cross section, or by in- 
creasing the viscosity of the Ink. Such an increase in ink 
refill fluid resistance often results in slower refill times 
and a reduced rate of droplet ejection and printing 
speed. 

A simplified analysis of the meniscus system is one 
such as the mechanical model shown in FIG. 4, in whch 
a mass 401 , equivalent to the mass of the expelled drop- 
let, is coupled to a fixed structure 404 by a spring 403 
having a spring constant, K, proportional to the recipro- 
cal of the effective radius of the orifice. The mass 401 
is also coupled to the fixed structure 404 by a damping 
function 405 which is related to the channel fluid resist- 
ance and other ink channel characteristics. In the pre- 
ferred embodiment, the drop weight mass 401 is pro- 
portional to the diameter of the orifice. Thus, if one de- 
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sires to control the characteristics and n^w^ 
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and the edge roughness has been substantaliy im- 
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201 , such as shown in FIG. 8, the orifices are oriented 
at an angle deviating from perpendicularity by 9 = ap- 
proximately 30°. This orientation enables orifices to be 
closely spaced without causing the inner orifice dimen- 
sions 803, 805. 807 to touch or interfere with each other 
The angle of deviation from perpendicularity, 0, may 
range from 0** to 45'* in alternative embodiments of the 
invention. It has been determined that the preferred non- 
circular orifice orientation for orifice plates which are 
formed of metal, for example gold plated nickel (and 
which have a curved smoothly tapering orifice bore from 
outside aperture to inside aperture), is that of having the 
long axis of the elongate orifice perpendicular to the di- 
rection of ink refill flow from the ink feed channel 201 , 
such as that shown in FIG. 8. For those orifice plates 
such as those formed of softer materials like potyimide 
in which the orifices are created by laser ablation (and 
which have a relatively linear orifice bore from outside 
aperture opening to inside aperture opening), the pre- 
ferred non-circular orientation is that of having the long 
axis of the elongate orifice being parallel to the flow of 
ink from the ink feed channel 201 , such as shown in FIG. 
9. 

Referring again to FIG. 5, the cross section shown 
in FIG. 5 is that along the major axis of the elongate 
orifice aperture. The ink droplet head 501. after emerg- 
ing from the orifice, is a non-spherical ink droplet, dis- 
torted in the direction of the major axis of the elongate 
orifice. The ink droplet oscillates during its flight path to 
the medium, forming a more conventional teardrop 
shape by the time it reaches the medium. The droplet 
has a significantly reduced tail and a significant reduc- 
tion in spray without sacrificing printing speed and with- 
out ink channel optimizations requiring extreme manu- 
facturing tolerances. 

It is desirable that the ejected Ink droplet tail be sev- 
ered from a predictable location. It is a feature of the 
present invention that the orifices be provided a cusp or 
sharp radius of curvature as viewed from the orifice plate 
surface. A preferred embodiment of such a cusped ori- 
fice bore is shown in the orifice plate plan view of FIG. 
10. The opening 1001 of the orifice bore on the orifice 
plate outer surface has at least one axis of asymmetry 
thereby providing one end of the orifice with a sharper 
radius of cun/ature than the other. The asymmetric, non- 
circular orifice bore has a localized area of high radius 
of curvature (a cusp) which attracts the ink-jet tail re- 
gardless of orifice orientation over the ink refill channel. 
As will be described below the cusp of the orifice is 
shown oriented in one direction in FIG. 10 but can and 
will be oriented in other directions. 

An alternative embodiment of a cusped orifice bore 
is shown in the orifice plate outer surface plan view of 
FIG. 11. A two-cusped geometry orifice 1101, moon- 
shaped, is oriented over the thin film resistor. As in pre- 
vious designs, the preferred embodiment geometry is 
retained through the length of the orifice bore for ease 
of manufacture. The bores of FIGS. 10 and 11 may be 



fabricated by standard polyimide laser-abtation tech- 
niques or by micromolding. Theboreof FIG. lOmayalso 
be fabricated using conventional nickel-plating tech- 
niques with the substitution of the non-circular-geometry 
s for the circular carbide button. 

The advantages of the cusped orifice can be appre- 
ciated in conjunction with FIG. 12. A perspective view 
of the small region of an Inkjet printer between the outer 
surface 11 3 of an orifice plate and a media sheet 1201 , 

10 such as paper The orifice plate is manufactured with 
cusped orifices 1203, 1205, 1207. and 1209. An ink 
droplet 1211 has been expelled from orifice 1203 in the 
+z directbn and an ink droplet 1213 has been expelled 
from orifice 1205 also in the +z direction. A tail of ink 

15 follows the expelled droplets. 

An ink droplet tail has a lower velocity magnitude in 
the x and z axes than the larger, faster main drop. In 
previous designs using circular orifices, this low-energy 
tail is often attracted by ink puddles on the orifice piate 

20 outer surface at the periphery of the orifice bore, which 
alter the tail's trajectory so that it becomes spray around 
the main drop. However, ejecting the drop from a cusped 
bore causes the tail to be consistently attracted to the 
localized area of high surface tension at the cusped end 

25 of the orifice bore, regardless of puddling. It has been 
found that this attraction and tail break-off is not depend- 
ent on orientation of the bore over the firing chamber 

In conventional Inkjet printers, the printhead is 
transported in the +/- x direction relative to the media 

30 1 201 and selected ones of the resistors underlying the 
orifices are activated to eject ink from the orifices. Thus 
a pattern of ink dots are placed upon the media. When 
the printhead reaches the end of its scan range, it can 
either retrace its path of transportation in the opposite x 

35 direction expelling Ink from other orifices (thereby filling 
in gaps between previously printed dots) or the media 
can be advanced one increment in the y direction (per- 
pendicular to both the x and z axes) and printing of dots 
commenced in the opposite x direction. Of course, it Is 

40 possible for dot printing to occur In just one of the + or 
- x directions. 

It can be seen that when the printhead is transport- 
ed in the +x direction, the slower-moving tail of droplet 
1211 (in the z direction), which is consistently drawn to 

45 the cusp end of the orifice opening, will land on the me- 
dia 1201 behind the head of the ink droplet. However, 
the stower-moving tail of droplet 1213 drawn slightly 
ahead of the droplet by the cusped orifice will land on 
top of the dot formed by droplet 1213 resulting in a 

so rounder, tail-free spot on the media 1201 . 

The placement of the tail on the printed page Is in- 
fluenced by coordinating the orientation of the orifice 
cusp with the carriage velocity, as shown in FIG. 1 3. The 
printed dot 1301 reveals an extended and messy drop 

55 configuration resulting from the tail displacement and 
spray corresponding to droplet 1211 . The dot 1 303, cor- 
responding to droplet 1213, printed on the media shows 
the resulting dot crispness when the tail and associated 
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spray fall within the dot formed by the head of the ink 
droplet. Thus, print quality from an Inkjet printer is im- 
proved when orifices having at least one axis of asym- 
metry are coordinated with the direction of printhead 
movement. 



Claims 

1. A printhead for an Inkjet printer including orifices 
from which ink is expelled, comprising: 

an ink ejector; and 

an orifice plate having at least one orifice ex- 
tending through said orifice from a first surface 
of said orifice plate abutting said ink ejector to 
a second surface of said orifice plate, said at 
least one orifice having at least one axis of 
asymmetry parallel to said second surface. 

2. A printhead in accordance with claim 1 wherein said 
orifice plate having at least one orifice further com- 
prises an orifice plate with at least one orifice aper- 
ture having at least one localized area of a high ra- 
dius of curvature. 

3. A printhead in accordance with claim 1 wherein said 
orifice plate having said at least one orifice further 
comprises an opening of said at least one orifice at 
said second surface having a smaller area and es- 
sentially the same geometric shape as an opening 
of said at least one orifice at said first surface. 

4. A printhead in accordance with claim 2 wherein said 
orifice aperture further comprises an aperture of 
said at least one orifice being an egg-shaped geo- 
metric area. 



5. A printhead in accordance with claim 2 wherein said 
orifice aperture further comprises an aperture of 
said at least one orifice being a moon-shaped geo- 
metric area. 

6. A method of operation of a printhead for an Inkjet 
printer including orifices from which ink is expelled, 
comprising the steps of: 
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further comprising the step of aligning said at least 
one axis of asymmetry essentially perpendicularly 
to said at least one direction of printhead move- 
ment. 

A method of manufacturing a printhead for an Inkjet 
printer including orifices from which ink is expelled, 
comprising the steps of: 

disposing an ink ejector on a substrate; 
overlaying an orifice plate on said substrate; 
and 

extending at least one orifice through said ori- 
fice plate from a second surface of said orifice 
plate abutting said ink ejector to a first surface 
of said orifice plate, said at least one orifice hav- 
ing at least one axis of asymmetry. 

10. A method in accordance with the method of claim 9 
wherein said step of extending at least one orifice 
further comprises the step of creating an orifice ap- 
erture at said first surface having at least one local- 
ized area .of a high radius of curvature. 

2S 11. A method in accordance with the method of claim 
10 wherein said step of extending at least one ori- 
fice further comprises the step of creating said ori- 
fice having an opening of said at least one orifice at 
said first surface with a smaller area and essentially 
the same geometric shape as an opening of said at 
least one orifice at said second surface. 



12. A method in accordance with the method of claim 
10 wherein said step of creating said orifice aper- 
ture further comprises the step of creating said ori- 
fice aperture having an essentially egg-shaped ge- 
ometric area at said first surface. 
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13. A method in accordance with the method of claim 
10 wherein said step of creating said orifice aper- 
ture further comprises the step of creating said ori- 
fice aperture having an essentially moon-shaped 
geometric area at said first surface. 



imparting a velocity to a mass of ink; and 
expelling said mass of ink from at least one or- 
ifice in the printhead, said at least one orifice so 
having at least one axis of asymmetry. 

7. A method In accordance with the method of claim 6 
further comprising the step of moving the printhead 
in at least one direction past a medium upon which ss 
ink is deposited. 

8- A method in accordance with the method of claim 7 
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(54) Asymmetric printhead orifice 

(57) A printhead for an Inkjet printer employs asym- 
metric orifices, such as an egg-shaped orifice (801), at 
the surface of the orifice plate to cause the ink drop tail 



to be severed at a predictable location from the orifice. 
The controlled tail and diminished spray of an Ink droplet 
expelled from the asymmetric orifice results in improved 
edge roughness and improved quality of print. 
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